Investigation of the Technical Micronics Control /TMC/ Process for Electropolishing Various Metals by Lowery, J. R.
NASA TECHNICAL 
MEMORANDUM 
NASA "P X-64516 
INVESTIGATION OF THE 
TECHNICAL MICRONICS CONTROL (TMC) 
PROCESS FOR ELECTROPOLISH ING VAR IOUS METALS 
By James R. Lowery 
Astronautics Laboratory 
April 15, 1970 
NASA 
George C. Marshall Space Flight Center 
Marshall Spdce Flight Cmter, Alabama 
MSFC - F a m  3190 (September 1968) 
https://ntrs.nasa.gov/search.jsp?R=19700018003 2020-03-23T19:47:07+00:00Z
T E C H N I C A L  R E P O R T  S T A N D A R D  T I T L E  P A G E  
Marsha l l  Space F l i g h t  Center ,  Alabama 35812 
I 13. TYPE OF REPORT & PERIOD COVERED 
14. SPONSORING AGENCY CODE 
! 
12. SPONSORING AGENCY NAME AND ADDRESS 
1 Ast ronau t i c s  Laboratory,  Science and Engineer ing D i r e c t o r a t e  I 
~ e c h n i c a l  Memorandum 
- 
16. ABSTRACT 
The Technical  Micronics Cont ro l  (TMC) process  f o r  e l e c t r o p o l i s h i n g  a v a r i e t y  of 
meta l s  and meta l  a l l o y s  was i nves t i ga t ed .  The e l e c t r o p o l i s h i n g  s o l u t i o n  produced 
l u s t r o u s  su r f aces  on s t a i n l e s s  s teel ,  b r a s s ,  copper, n i c k e l ,  aluminum, and s t e e l ;  it 
produced only  semi-br ight  su r f aces  on Inva r  and Rene' 41 but  produced a cons iderab le  
amount of metal  smoothing. 
.<' 
The pas s iva t ion  of s t a i n l e s s  s t e e l  was improved s u b s t a n t i a l l y  b y ' t h i s  method over 
t h a t  of convent ional  a c i d  p a s s i v a t i o n  methods. ' 
TMC pol i shed  s u r f a c e s  of s t a i n l e s s  steel,  b ra s s ,  and carbon s t e e l  d id  no t  accep t  an  
e l e c t r o p l a t e  wi th  good adherence but  such s u r f a c e s  were more r e s i s t a n t  t o  t a r n i s h  o r  
co r ros ion  than  mechanical ly  po l i shed  su r f aces .  
Based on r e s u l t s  of t h i s  s tudy ,  t he  TMC process  i s  recommended f o r  po l i sh ing  and 
smoothing most meta l s  and f o r  pa s s iva t ing  s t a i n l e s s  s t e e l .  
STAR Announcement 
MSFC - F o r m  3292  (May 1969) 
17. KEY WORDS 18. DISTRIBUTION STATEMENT 

TABLE OF CONTENTS 
Page 
SUMMARY .................................................... 1 
............................................... INTRODUCTION 1 
..................................... EXPERIMENTAL PROCEDURE 3 
...................................... DISCUSSION OF RESULTS 4 
............................................ Appearance 4 
................................... P a s s i v a t i n g  E f f e c t s  6 
T a r n i s h  R e s i s t a n c e  .................................... 6 
............ E l e c t r o p l a t i n g  on E l e c t r o p o l i s h e d  S u r f a c e s  7 
............................ CONCLUSIONS AND RECOWNDATIONS 8 
................................................. REFERENCES 9 
iii 
LIST OF ILLUSTRATIONS 
Figure T i t l e  Page 
1 Differences i n  the  Grain Size of Specimens Taken 
From 0.125 and 5.0 Inch Thick Sections of Aluminum 
Alloy 7075-T6............... .......................... 10 
2 Differences i n  the  In te rmeta l l i c  Phases of 0.125 
Inch Sheet and 5.0 Inch Thick P l a t e  of Aluminum Alloy 
7075-T6...... ......................................... 11 
3 Effec t  of Elec t ropol ish ing Specimens Taken From 5.0 
.......... Inch Thick P l a t e  Aluminum of Alloy 7075-T6.. 12 
4 E f f e c t s  of High Humidity on Electropolished and 
Mechanically Polished Brass (34 Days Exposure) ........ 13 
5 Ef fec t s  of High Humidity on Electropolished and 
Mechanically Polished Brass (190 Days Exposure) ....... 14 
TECHNICAL MEMORANDUM X-64516 
INVESTIGATION OF THE TECHNICAL M I  CRONI CS CONTROL (TMC) 
PROCESS FOR ELECTROPOLISHING VARIOUS METALS 
SUMMARY 
An e v a l u a t i o n  was made of t h e  Techn ica l  Micron ics  C o n t r o l  (TMC) 
p r o c e s s  f o r  e l e c t r o p o l i s h i n g  a v a r i e t y  of m e t a l s  and metal a l l o y s .  
S p e c i f i c  o p e r a t i n g  d e t a i l s  f o r  each of t h e s e  m e t a l s  were de te rmined  w i t h  
r e g a r d  t o  optimum v o l t a g e ,  t ime and  t empera tu re  of t h e  ba th .  P r i m a r i l y ,  
t h e  e v a l u a t i o n  was based on g e n e r a l  appearance of t r e a t e d  specimens. 
However, o t h e r  phases  of t h e  program i n c l u d e d  de te rmin ing  t h e  p a s s i -  
v a t i n g  e f f e c t s  of t h e  s o l u t i o n  on s t a i n l e s s  s t e e l ,  t h e  t a r n i s h  and  
c o r r o s i o n  r e s i s t a n c e  of t r e a t e d  specimens of b r a s s  and m i l d  s t e e l ,  and  
t h e  manner i n  which a p o l i s h e d  s u r f a c e  of b r a s s  and s t a i n l e s s  s t e e l  
a c c e p t e d  a n  e l e c t r o p l a t e  w i t h  r e g a r d  t o  adherence.  
The s t u d y  showed t h a t  t h i s  e l e c t r o p o l i s h i n g  method produced smooth 
and l u s t r o u s  s u r f a c e s  on s t a i n l e s s  steel,  b r a s s ,  copper ,  n i c k e l ,  aluminum, 
and s t e e l .  Smooth b u t  o n l y  semi-br igh t  s u r f a c e s  were produced on  I n v a r  
and Rene' 41. 
The r e s u l t s  of subsequent  s a l t  s p r a y  tests  i n d i c a t e d  t h a t  s t a i n l e s s  
steel was made c o n s i d e r a b l y  more p a s s i v e  by t h e  TMC e l e c t r o p o l i s h i n g  
s o l u t i o n  t h a n  by c o n v e n t i o n a l  methods of p a s s i v a t i o n  such as p i c k l i n g  
i n  n i t r i c  a c i d .  
R e s u l t s  of c o n t r o l l e d  h i g h  humid i ty  and l a b o r a t o r y  exposure  tests 
showed t h a t  TMC e l e c t r o p o l i s h e d  s u r f a c e s  of b r a s s  and s t e e l  were more 
r e s i s t a n t  t o  t a r n i s h  o r  c o r r o s i o n  t h a n  mechan ica l ly  p o l i s h e d  s u r f a c e s ,  
bu t  t h a t  "as po l i shed"  s u r f a c e s  of t h e s e  m e t a l s ,  as w e l l  as s t a i n l e s s  
s t e e l ,  d i d  n o t  a c c e p t  e l e c t r o p l a t e s  w i t h  good adherence.  
INTRODUCr I O N  
E l e c t r o p o l i s h i n g  i s  a n  e l e c t r o c h e m i c a l  p r o c e s s  t h a t ,  under p roper  
c o n d i t i o n s ,  makes a m e t a l  smooth and b r i g h t  by d i s s o l u t i o n  of t h e  metal 
s u r f a c e .  The p r o c e s s  i s  t h e  r e v e r s e  of e l e c t r o p l a t i n g  i n  t h a t  t h e  
m e t a l  being e l e c t r o p o l i s h e d  i s  made t h e  anode and meta l  i s  r'emoved 
r a t h e r  t h a n  d e p o s i t e d .  On t h e  o t h e r  hand, it i s  similar t o  e l e c t r o -  
p l a t i n g  i n  t h a t  t h e  c o n t r o l l i n g  f a c t o r  of t h e  s o l u t i o n  i s  t h e  t o t a l  
amount of cu r r en t  t h a t  passes  through it. This  being the  case ,  severa l  
o t h e r  i n t e r - r e l a t e d  f a c t o r s  such a s  c u r r e n t  dens i ty ,  temperature ( t h e  
r e s i s t i v i t y  of t he  e l e c t r o l y t e  decreases  as t h e  temperature i nc reases ) ,  
and t i m e  of t reatment  have a  d i r e c t  i n f luence  on the  end r e s u l t s  i n  
any e l e c t r o p o l i s h i n g  opera t ion .  These v a r i a b l e s  a r e  ad jus t ed  t o  he lp  
produce a  p a r t i c u l a r  type of su r f ace  f i n i s h .  Also, a s  wi th  e l e c t r o -  
p l a t i n g ,  t he  type and condi t ion  of t h e  metal  being pol i shed  inf luence  
the  r e s u l t a n t  su r f ace  f i n i s h .  
E lec t ropo l i sh ing  techniques were i n i t i a l l y  developed f o r  use i n  
t he  a r e a  of i n d u s t r i a l  decora t ive  f i n i s h i n g .  These po l i sh ing  techniques 
were r epo r t ed  t o  provide a n  improvement i n  t h e  q u a l i t y  and r educ t ion  i n  
t he  c o s t  of f i n i s h i n g  commercial i tems over  t h a t  of mechanical f i n i s h i n g .  
Since t h e  e a r l y  days of e l e c t r o p o l i s h i n g ,  non-decorative uses  have 
evolved and p r e s e n t l y  many engineer ing  meta ls  a r e  e l ec t ropo l i shed  f o r  
va r ious  o t h e r  reasons. Some of t h e  uses  and d i s t i n c t  advantages of 
e l e c t r o p o l i s h i n g  over r e l a t e d  mechanical processing methods a r e  a s  
fol lows ( r e f .  1, 2) :  Deburring and po l i sh ing  i n  l oca t ions  inacces s ib l e  
t o  mechanicalmeans,(2) removing "smeared" and loose ly  adhered meta l  
l e f t  on su r f aces  t h a t  were mechanically f i n i s h e d ,  (3) reducing o r  
e l imina t ing  su r f ace  s t r e s s e s  caused by mechanical processing ( 4 )  i m -  
proving the  co r ros ion  r e s i s t a n c e  of c e r t a i n  meta ls  (5) reducing the  
f r i c t i o n  on bearing su r f aces ,  (6) producing a  s u r g i c a l l y  c l ean  s u r f a c e  
by removing contaminants, and reducing t h e  e f f e c t i v e  molecular t r app ing  
su r f ace  of vacuum components. 
Because e l e c t r o p o l i s h i n g  does enhance the  appearance of meta ls  and 
because of some of t he  above l i s t e d  advantages,  it has gained ex tens ive  
i n d u s t r i a l  use f o r  a number of a p p l i c a t i o n s .  Many types of ba ths  and 
procedures have been developed, some of which have been t a i l o r e d  j u s t  
f o r  s p e c i a l  meta ls  and a l l o y s ,  whi le  o the r  po l i sh ing  baths  a r e  claimed 
t o  be e f f e c t i v e  on a v a r i e t y  of meta ls  and metal  a l l o y s .  An e l e c t r o -  
po l i sh ing  ba th ,  developed by "Technical Micronics Control'' was r e c e n t l y  
r epo r t ed  t o  p o l i s h  p r a c t i c a l l y  any metal  a l l o y  t o  a  f a i r l y  high degree 
of l u s t e r ,  and by changing the  ope ra t ing  condi t ions  of the bath,  t he  
same bath could be used f o r  producing a  matte  f i n i s h  on metal a l l o y s .  
I n  view of t h i s  broad claim f o r  the  TMC bath and the  d e s i r a b l e  
f e a t u r e s  gene ra l ly  produced by e l e c t r o p o l i s h i n g ,  some of which have 
d i r e c t  aerospace app l i ca t ion ,  a n  i n v e s t i g a t i o n  of t h i s  process  was made. 
EXPERIMENTAL PRO CXDURE 
Two gene ra l  types of e l e c t r o p o l i s h i n g  s o l u t i o n s  a r e  produced by 
"Technical Micronics Control  (TMC)", type I and 11. The exac t  formu- 
l a t i o n  of t hese  ba ths  was he ld  p r o p r i e t a r y  by TMC, but  f o r  eva lua t ion  
purposes,  they repor ted  t h a t  t h e  type I s o l u t i o n  w a s  b a s i c a l l y  a 
phosphor i c / su l fu r i c  a c i d  mixture and t h a t  type I1 was b a s i c a l l y  a 
chromic/phosphoric a c i d  mixture.  The type I s o l u t i o n  was recommended 
f o r  a l l  t h e  common metals  where matte  f i n i s h e s  were d e s i r e d  and e i t h e r  
type I o r  I1 was recommended f o r  use on a l l  common meta ls  (except 
aluminum and brass)  where a  h igh  l u s t e r  f i n i s h  was des i red .  Type I1 
s o l u t i o n  only  was recommended f o r  aluminum and brass .  Because of t h e  
inc reas ing  d e s i r e  f o r  s u r g i c a l l y  c l ean  and pol i shed  su r f aces  i n  c e r t a i n  
cu r r en t  aerospace a p p l i c a t i o n s ,  t h e  s o l u t i o n s  were eva lua ted ,  p r imar i ly  
f o r  t h e i r  a b i l i t y  t o  produce a  h igh  l u s t e r  f i n i s h  based on v i s u a l  appear-  
ance of t r e a t e d  specimens. L a t e r  i n  t h e  program, t h e  s o l u t i o n s  were 
a l s o  eva lua ted  f o r  t h e i r  a b i l i t y  t o  pas s iva t e  s t a i n l e s s  s t e e l  and pro-  
t e c t  b ra s s  and s t e e l  from t a r n i s h  and co r ros ion  i n  a  mi ld ly  co r ros ive  
atmosphere. Also, t o  a  more l i m i t e d  e x t e n t ,  t e s t s  were made t o  d e t e r -  
mine i f  su r f aces  produced by t h e  e l e c t r o p o l i s h i n g  s o l u t i o n s  were 
recep t ive  t o  a n  e l e c t r o p l a t e .  
The meta ls  used i n  t he  o v e r a l l  t e s t  program included s t e e l  ( Invar ,  
4130, 1010), and s t a i n l e s s  steel (300 and 400 series), aluminum a l l o y s  
(2014-T6, 7075-T6, 6061-T6) and t o  a more l i m i t e d  e x t e n t ,  pure n i c k e l  
and a  n i c k e l  a l l o y  (Rene' 41). 
General ly ,  t he  e l e c t r o p o l i s h i n g  of t hese  meta ls  was c a r r i e d  ou t  
according t o  t h e  recommendation of TMC. However, due t o  t he  many 
v a r i a b l e s  r e l a t e d  t o  a n  e l e c t r o p o l i s h i n g  process ,  t h e  TMC recommenda- 
t i o n s  were ve ry  genera l ,  and thus ,  s p e c i f i c  ope ra t ing  d e t a i l s  had t o  
be determined f o r  t he  d i f f e r e n t  meta ls  and d i f f e r e n t  types of f i n i s h e s  
des i r ed .  For example, where a  h igh  l u s t e r  f i n i s h  was des i r ed  on b ra s s ,  
t h e  manufacturer recommended t h a t  t h e  po l i sh ing  ope ra t ion  be c a r r i e d  
o u t  a t  a  vo l t age  range of 6  t o  15 v o l t s  and a  temperature range of 
130" - 160°F (54-71°C). Af t e r  vary ing  t h e  vo l t age  w i t h i n  t h i s  range, 
it was found t h a t  12  v o l t s  produced t h e  h ighes t  degree of l u s t e r .  The 
temperature was not  c r i t i c a l ,  and h igh  l u s t e r  f i n i s h e s  were produced 
a t  temperatures i n  t h e  range of 140'-180°F (60-82OC). Process ing  de- 
t a i l s  f o r  o t h e r  meta ls  used i n  t h e  eva lua t ion  program were s i m i l a r l y  
determined. 
Tes t  specimens of the  v a r i o u s  meta ls  and metal  a l l o y s  were e l e c t r o -  
po l i shed  under t he  optimum condi t ions  determined f o r  each of t h e  d i f -  
f e r e n t  meta ls  and the  r e s u l t a n t  su r f aces  v i s u a l l y  observed f o r  t h e i r  
lus te r .  These specimens were compared wi th  specimens cleaned and 
e l ec t ropo l i shed  wi th  o t h e r  ba ths  and a l s o  wi th  specimens t h a t  were 
mechanically pol i shed .  
Af t e r  e l e c t r o p o l i s h i n g  under optimum condi t ions  determined f o r  
each of t h e  a l l o y s ,  one group of b ra s s  and s t e e l  pane ls  was exposed 
t o  a p l a t i n g  l a b o r a t o r y  environment and another  group w a s  exposed t o  a 
con t ro l l ed  high humidity environment ( r e l a t i v e  humidity of 95-98 per -  
cen t  and a  temperature of 95-100°F) and compared wi th  mechanically 
f i n i s h e d  panels  which were t e s t e d  s imultaneously i n  t h e  same 
environments. 
S t a i n l e s s  steel panels  were contaminated wi th  s t e e l  p a r t i c l e s  by 
brushing wi th  a w i r e  brush o r  machining wi th  a steel t o o l .  One group 
of the  panels  was e l ec t ropo l i shed  and another  group w a s  pas s iva t ed  i n  
a  s tandard  n i t r i c  a c i d  bath.  The two groups of pane ls  were exposed 
t o  a 5 percent  s a l t  spray  environment and observed f o r  t h e  occurrence 
of r u s t .  
T e s t  pane ls  of b ra s s  and s t a i n l e s s  s t e e l  were e l e c t r o p o l i s h e d  
under t h e  condi t ions  determined t o  be optimum f o r  t h e s e  metals .  An 
a t tempt  was then  made t o  e i t h e r  e l e c t r o p l a t e  d i r e c t l y  on the  pol i shed  
sur face ,  o r  t o  p l a t e  on t h e  pol i shed  su r f ace  which had been f u r t h e r  
t r e a t e d  t o  remove any f i l m  t h a t  might have been formed by t h e  e l e c t r o -  
po l i sh ing .  Spec ia l  emphasis was placed on the  s t a i n l e s s  steel i n  t h i s  
p a r t i c u l a r  t e s t  because e l e c t r o p o l i s h i n g  has r e p o r t e d l y  beenf'used i n  
prepar ing  s t a i n l e s s  s t e e l s  f o r  e l e c t r o p l a t i n g  (gold p l a t i n g  d i r e c t l y  
on t h e  s t a i n l e s s  s t e e l ) .  Most s t a i n l e s s  s t e e l s  gene ra l ly  r e q u i r e  a 
more severe  a c i d  t rea tment  than  do o the r  meta ls ,  and occas iona l ly  need 
a  s p e c i a l  "s t r ike"  before  they  can be s u c c e s s f u l l y  e l e c t r o p l a t e d .  
Prepar ing  s t a i n l e s s  s t e e l s  f o r  e l e c t r o p l a t i n g  by e l e c t r o p o l i s h i n g  
would not  only be less d i f f i c u l t ,  but would f u r n i s h  a  b r i g h t e r  and 
smoother su r f ace  upon which t o  p l a t e ,  i f  proven f e a s i b l e .  
DISCUSSION OF RESULTS 
Appearance. - The e l e c t r o p o l i s h i n g  r e s u l t e d ,  t o  some degree, i n  
a  b r i g h t e r  and smoother su r f ace  on a l l  metals  t e s t e d .  With t h e  ex- 
cep t ion  of a  few cases  which w i l l  be d iscussed  l a t e r ,  t h e  su r f aces  of 
a l l  t h e  common meta ls  t e s t e d  (which included b ra s s ,  copper, mild s t e e l ,  
s t a i n l e s s  s t e e l ,  aluminum a l l o y s ,  and n icke l )  were s u b s t a n t i a l l y  
br ightened and smoothed by the  e l e c t r o p o l i s h i n g  ac t ion .  A vo l t age  
range of 12  t o  14 v o l t s  a t  a temperature of 140-160°F (60-61°C) 
appeared t o  be optimum f o r  s t e e l ,  s t a i n l e s s  s t e e l ,  copper, and b ra s s .  
The optimum range f o r  n i c k e l  was 10 t o  12 v o l t s  a t  a  temperature of 
140-160°F (60-71°C) while  a range of 12  t o  20 v o l t s  a t  a  temperature of 
140-160°F (60-71°C) produced the  most d e s i r a b l e  f i n i s h  on the  aluminum 
a l l o y s .  
The su r f aces  of t h e  l e s s  common a l l o y s  t e s t e d  which included 
Inva r  (an i r o n  - n i c k e l  a l l oy )  and Rene' 41  (a  nickel-base a l loy )  
were smoothed t o  about  t h e  same degree a s  t he  common a l l o y s  but  were 
much l e s s  br ightened.  A s l i g h t l y  b r i g h t e r  su r f ace  was obta ined  a t  a  
considerably wider vo l t age  - temperature range on Rene' 41 than  on 
Invar .  I n  t h e  case of Rene' 41, a  f a i r l y  b r i g h t  su r f ace  was obta ined  
a t  vo l t ages  ranging from 6 t o  15 and a t  temperatures  of 130°F (54°C) 
t o  180°F (82°C). On t h e  o t h e r  hand, a  s a t i s f a c t o r y  p o l i s h  could not  
be obta ined  on the  Inva r  a t  vo l t ages  apprec iab ly  l e s s  than  12. The 
optimum range f o r  t h i s  a l l o y  appeared t o  be from 12 t o  15 v o l t s  de- 
pending somewhat upon t h e  temperature which w a s  more i n f l u e n t i a l  than  
had been observed wi th  t h e  po l i sh ing  of o t h e r  metals .  The b e s t  
po l i sh ing  a c t i o n  occurred on Invar  a t  a  ba th  temperature of between 
150" - 170°F( 66-77°C). 
I n  t h e  i n i t i a l  phase of t he  program, a l l  of the  aluminum t e s t  
pane ls  were prepared from shee t  ma te r i a l  ranging from about  0.050 
t o  0.125 inch  th i ck .  General ly ,  a l l  of t h i s  shee t  ma te r i a l  was pol i shed  
t o  a f a i r  degree of l u s t e r  wi th  no p a r t i c u l a r  d i f f e r e n c e  observed 
between the  d i f f e r e n t  a l l o y s .  During the  l a t t e r  p a r t  of the  program 
t h e r e  a r o s e  a  need, i n  connection wi th  a  d i f f e r e n t  program, t o  e l e c t r o -  
p o l i s h  t e n s i l e  specimens of a l l o y  7075-T6 (0.180 inch  th ick)  t h a t  had 
been c u t  from a f i v e  inch  t h i c k  p l a t e  ma te r i a l .  When these  specimens 
were pol ished,  a s i g n i f i c a n t  d i f f e r ence  i n  su r f ace  f i n i s h  was observed 
between those  of t h e  t h i n  shee t  ma te r i a l  of t he  same a l l o y .  The s u r -  
f aces  of t he  p l a t e  specimens were etched by t h e  electro-chemical  
a c t i o n  and were not  po l i shed  t o  a s  g r e a t  a  degree a s  t he  shee t  spec i -  
mens. Af t e r  cons iderable  e f f o r t  (varying t h e  ope ra t ing  condit ions)  
f a i l e d  t o  produce a  comparable su r f ace  t o  t h a t  of shee t  specimens, a 
meta l lographic  s tudy  was conducted t o  determine the  cause of the  d i f -  
fe rence  i n  behavior of t h e  two condi t ions  of t h e  same ma te r i a l .  The 
r e s u l t s  of t h i s  s tudy  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  t he  micro- 
s t r u c t u r e  of t hese  ma te r i a l s .  The shee t  m a t e r i a l s  had much smal le r  
g r a i n  s i z e  and l e s s  i n t e r m e t a l l i c  phases than  d i d  t h e  5 inch p l a t e .  
(See F igures  1 and 2). The maximum depth of p i t t i n g  on t h e  5.0 inch  
p l a t e  m a t e r i a l  was 0.000625 (Figure 3 ) .  These d i f f e r e n c e s  i n  su r f ace  
appearance r e s u l t i n g  from the  e l e c t r o p o l i s h i n g  were a t t r i b u t e d  t o  t he  
v a r i a t i o n s  i n  t h e  mic ros t ruc tu re  which occurred from v a r i a t i o n s  i n  
f a b r i c a t i o n  technique and hea t  t r e a t i n g  procedures.  S imi la r  r e s u l t s  
were obta ined  from a f u r t h e r  s tudy  of another  a l l o y ,  2014-T6 aluminum, 
which f u r t h e r  confirmed t h a t  g r a i n  s i z e  s i g n i f i c a n t l y  a f f e c t s  t h e  
degree of e l e c t r o p o l i s h  ( t h e  f i n e r  t h e  g r a i n  s i z e ,  t he  b e t t e r  degree 
of po l i sh ing)  . 
I n  conducting po l i sh ing  experiments wi th  brass ,  i t  was found t h a t  
t e s t  specimens r eac t ed  d i f f e r e n t l y  from the  aluminum specimens i n  t he  
po l i sh ing  s o l u t i o n .  Very s i m i l a r  r e s u l t s  were obtained i n  t h a t  some 
specimens were d u l l  and p i t t e d  while  o t h e r s  were extremely b r i g h t .  
The r e s u l t s  of a  metal lographic s tudy  on specimens of t h i s  ma te r i a l  
i nd ica t ed  t h a t  t h e  micros t ruc tures  d i d  v a r y  somewhat randomly and 
c o r r e l a t i o n  between t h i s  var iance  and su r f ace  appearances could not  
be e s t a b l i s h e d .  However, t he  r e s u l t s  of chemical a n a l y s i s  showed t h a t  
a l l o y  type l a r g e l y  determined the  degree of p o l i s h  o r  t he  type of s u r -  
f ace  f i n i s h .  For example, yellow b ras s  which contained no l ead  could be 
e l e c t r o p o l i s h e d  t o  a  much h igher  degree of l u s t e r  than  h igh ly  leaded 
b ra s s  which contained approximately 1.75 percent  lead .  Resul t s  of 
f u r t h e r  experiments i nd ica t ed  t h a t  t h e  presence of any s i g n i f i c a n t  
amount of l ead  i n  b ra s s  would, t o  a  degree, a f f e c t  t h e  e lec t rochemica l  
a c t i o n  and t h e  r e s u l t a n t  sur face  f i n i s h .  
P a s s i v a t i n g  E f f e c t s .  r Tes t s  conducted t o  determine the  pas s iva t ing  
e f f e c t s  of t h e  TMC e l e c t r o p o l i s h i n g  s o l u t i o n  on s t a i n l e s s  s t e e l  showed, 
i n  genera l ,  t h a t  t h i s  t reatment  increased  t h e  p a s s i v i t y  of t h i s  metal  
over t h a t  of convent ional  methods of pas s iva t ion .  Specimens of 321 
s t a i n l e s s  s t e e l ,  contaminated and then  t r e a t e d  by va r ious  methods, were 
exposed f o r  approximately 560 hours t o  a  s a l t  spray  environment. A l l  
of t he  specimens t r e a t e d  convent ional ly ( n i t r i c  a c i d  a t  varying tem- 
pe ra tu re s  and concentrat ion)  showed a cons iderable  amount of r u s t  a f t e r  
8 hours and were removed from the  t e s t  whi le  t he  electropol$shed spec i -  
mens d i d  no t  show any change u n t i l  a f t e r  about  40 hours.  A t  t h i s  p o i n t ,  
l i g h t  s t a i n  was observed i n  t he  c e n t e r  of t h e  specimens, and a f t e r  146 
hours,  l i g h t  r u s t  was formed. A t  t h e  end of t h e  t e s t ,  a  moderate 
amount of r u s t  was present  and a few small  p i t s  had formed on the  s p e c i -  
mens. During t h e  course of t h i s  s tudy,  t h i s  t e s t  was e s s e n t i a l l y  
repea ted  wi th  t h e  except ion of some v a r i a t i o n s  i n  t h e  convent ional  a c i d  
t reatments .  I n  t h e  repea ted  t e s t ,  a l l  specimens were exposed f o r  
approximately 750 hours ,  and aga in ,  t h e  e l ec t ropo l i shed  specimens 
showed cons iderably  l e s s  r u s t  than  d id  t h e  specimens t h a t  were p a s s i -  
va ted  by convent ional  means. 
Tarn ish  Res is tance .  - Resu l t s  of t e s t s  showed t h a t  the  t a r n i s h  
r e s i s t a n c e  of b ra s s  was enhanced s u b s t a n t i a l l y  by e l ec t ropo l i sh ing .  
On the  o t h e r  hand, r e s u l t s  of s i m i l a r  t e s t s  showed t h a t  t he  r u s t  r e -  
s i s t a n c e  of s t e e l  w a s  only s l i g h t l y  improved by t h e  e l ec t ropo l i sh ing .  
Specimens of b ra s s  (one group mechanically pol i shed  and another  group 
e l ec t ropo l i shed )  were exposed t o  a  p l a t i n g  l abo ra to ry  environment f o r  
25 days. The e l ec t ropo l i shed  panels  showed some s t a i n  while  the  
mechanically pol i shed  panels  had changed t o  a  dark co lo r  t y p i c a l  of 
severe t a r n i s h  on brass .  The only d i f f e r e n c e  between s i m i l a r l y  
t r e a t e d  specimens of s t e e l  exposed t o  t he  same environment was t h a t  
t h e  mechanically pol i shed  panels began t o  r u s t  a  few hours sooner than 
t h e  e l ec t ropo l i shed  panels .  A t  t h e  end of t he  t e s t ,  no d i f f e r e n c e  
could be observed between t h e  two groups. 
Mechanically and e l ec t ropo l i shed  specimens of brass  were exposed 
t o  a  con t ro l l ed  high humidity environment f o r  approximately 190 days 
and s i m i l a r l y  t r e a t e d  panels  of s t e e l  were exposed t o  t h i s  environment 
f o r  a  few hours.  The mechanically pol i shed  panels  of b ra s s  began t o  
t a r n i s h  ( t u r n  brown) a f t e r  seven days and g radua l ly  became darker  a s  
exposure time increased  whi le  t he  e l e c t r o p o l i s h e d  panels  r e t a i n e d  a l l  
of t h e i r  o r i g i n a l  l u s t e r  f o r  34 days and was s t i l l  f a i r l y  b r i g h t  a f t e r  
approximately 100 days (Figure 4) .  A t  t h e  end of t he  t e s t  per iod ,  t he  
e l ec t ropo l i shed  panels  were semi-bright  wi th  a  few dark s p o t s  but  t h e  
mechanically pol i shed  panels  were seve re ly  t a rn i shed  (Figure 5). The 
two groups of s t e e l  panels  exposed t o  t h i s  environment showed e s s e n t i -  
a l l y  t he  same degree of r u s t  a t  t h e  end of a 30-hour t e s t  per iod .  
The only d i f f e r e n c e  was t h a t  t he  mechanical ly  pol i shed  panels  began t o  
r u s t  s eve ra l  hours sooner than  t h e  e l ec t ropo l i shed  panels .  
E l e c t r o p l a t i n g  on E lec t ropo l i shed  Surfaces .  - Tes t  r e s u l t s  i n d i -  
ca t ed  t h a t  su r f aces  produced by t h e  TMC e l e c t r o p o l i s h i n g  s o l u t i o n s  
were t o t a l l y  non-recept ive t o  an  e l e c t r o p l a t e  i n  t h e  "as polished" 
condi t ion  and were considerably more d i f f i c u l t  t o  a c t i v a t e  f o r  p l a t i n g  
than  t h e  same unpolished metals .  Th i s  increased  d i f f i c u l t y  i n  a c t i -  
v a t i o n  i s  understandable from the  f a c t  t h a t  e l ec t ropo l i shed  su r f aces  
e x h i b i t  a  f a i r  amount of improvement i n  r e s i s t a n c e  t o  t a r n i s h i n g  and 
cor ros ion  over non-polished su r f aces ,  a s  d i scussed  e a r l i e r .  
General ly ,  e l ec t ropo l i shed  copper and b ra s s  must be a c t i v a t e d  by 
ca thodic  t reatment  i n  s o l u t i o n s  such as a l k a l i n e  c l eane r s  o r  cyanides 
and followed by dipping i n  a c i d  s o l u t i o n s  such as hydrochlor ic  before  
p l a t i n g .  Although some degree of adhesion was obtained without  t he  
use of ca thodic  t rea tment ,  t he  acceptance of e l e c t r o p l a t e s  wi th  pos i -  
t i v e  and uniform adherence depended upon a  more thorough de-pass i -  
v a t i o n  t reatment .  
E lec t ropol i shed  s t a i n l e s s  s t e e l  behaved s i m i l a r l y  t o  b r a s s  and 
copper i n  t h a t  e l e c t r o p l a t e s  were not  accepted  wi th  a  s a t i s f a c t o r y  
l e v e l  of adhesion. Uulike brass  and copper, s t a i n l e s s  s t e e l  i n  i t s  
o rd inary  form (unpolished) possesses  a  ve ry  tenac ious  oxide f i l m  which 
makes it much more d i f f i c u l t  t o  p l a t e .  I n  e l e c t r o p o l i s h i n g ,  i t  i s  
be l ieved  t h a t  t h i s  n a t u r a l  f i l m  i s  removed and the  metal i s  mi ld ly  
"anodized" aga in  (another oxide f i l m  produced by the  e lec t rochemica l  
ox ida t ion) ,  making i t  necessary t o  r e a c t i v a t e  before p l a t i n g .  Whether 
o r  no t  t h i s  was t h e  case,  t h e  r e s u l t s  of t h i s  test showed t h a t  
TMC e lec t ropo l i shed  s t a i n l e s s  s t e e l  was l e f t  i n  a  pass ive  cond i t i on  
and t h i s  pass ive  f i l m  had t o  be removed before  e l e c t r o p l a t i n g  could be 
c a r r i e d  out  succes s fu l ly .  
CONCLUSIONS AND RECOMMENDATIONS 
The TMC method of e l e c t r o p o l i s h i n g  produced b r i g h t  su r f aces  on a l l  
t h e  common meta ls  and a l l o y s  t e s t e d  which included,  copper, b ra s s ,  
s t e e l ,  s t a i n l e s s  s t e e l ,  n i c k e l ,  and aluminum a l l o y s .  Of t h i s  group, 
copper, b rass ,  and n i c k e l  could be e l ec t ropo l i shed  wi th  t h e  g r e a t e s t  
degree of l u s t e r .  It appears  t h a t  t h e  composition of b ra s s  and t h e  
micros t ruc ture  ( g r a i n  s i z e )  of c e r t a i n  aluminum a l l o y s  a f f e c t  t he  type 
of su r f ace  r e s u l t i n g  from e l ec t ropo l i sh ing  these  metals .  Tes t  r e s u l t s  
show t h a t  specimens of b ra s s  t h a t  conta in  l e a d  do not  p o l i s h  a s  we l l  
a s  specimens t h a t  do n o t  con ta in  lead.  T e s t s  of t h e  aluminum a l l o y s  
(7075-T6 and 2014-T6) show t h a t  t he  smal le r  t he  g r a i n  s i z e ,  t he  b e t t e r  
t he  degree of po l i sh .  
Surfaces of t h e  l e s s  common metals  tes ted,which included Invar  and 
Rene' 41,can be made smooth by the  TMC e l e c t r o p o l i s h i n g  so lu t ion ,  but  
cannot be produced w i t h  a + h i g h  degree of l u s t e r .  
. S t a i n l e s s  s t e e l  can be made considerably more pass ive  by e l e c t r o -  
po l i sh ing  wi th  the  TMC s o l u t i o n  than  by t r e a t i n g  wi th  convent ional  
pas s iva t ing  ac ids .  E lec t ropol i shed  su r f aces  of s t a i n l e s s  s t e e l ,  s t e e l ,  
and brass  without  subsequent t reatment  w i l l  no t  accept  a n  e l e c t r o -  
p l a t e  w i th  good adherence, bu t  such sur faces  a r e  more r e s i s t a n t  t o  
t a r n i s h i n g  o r  cor ros ion  than  mechanically pol i shed  sur faces .  
A 
The r e s u l t s  of t h i s  s tudy  i n d i c a t e  t h a t  t he  TMC e l e c t r ~ p o l i s h i n ~  
process ,  when c a r r i e d  ou t  according t o  t he  recommendations of TMC, 
i s  a  good genera l  e l e c t r o p o l i s h i n g  process  f o r  a f a i r l y  l a r g e  v a r i e t y  
of metals  and metal  a l l o y s  and is ,  the re fo re ,  recommended i n  a p p l i -  
ca t ions  t h a t  r equ i r e  e l ec t ropo l i sh ing .  
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Figure 1 - Differences  i n  t he  Grain S ize  of 0.125 and 5.0 
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Figure 2 - Difference in the Intermetallic Phases of 
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